1. Introduction
===============

Human cancer cells generate cancer-specific antigens that are theoretically recognizable as targets to be eliminated for the immune system. However, the immune system is held in check by immune checkpoints pathways, which normally maintain self-tolerance and limit collateral tissue damage during inflammation.^\[[@R1]\]^ The binding of programmed death 1 (PD-1) and its ligand (PD-L1), usually upregulated in the tumor microenvironment, activates a typical immune checkpoint pathway, suppressing T-cell related antitumor activity.^\[[@R2],[@R3]\]^ Major breakthroughs were made over the past decade concerning cancer immunotherapy directed against such checkpoints.^\[[@R3]\]^ Recent clinical trials involving the usage of PD-1/PD-L1 blockage in cancer patients gained inspiring results, leading to the widespread clinical application of PD-1/PD-L1 antibodies, benefiting numerous cancer patients.^\[[@R4]--[@R7]\]^

PD-L1 is presented in 2 forms, the membrane-bound (mPD-L1) form that is detected mostly on the membrane of tumor cells, and the soluble (sPD-L1) form that is found in the peripheral blood of patients with cancers and other chronic diseases such as rheumatoid arthritis.^\[[@R8],[@R9]\]^ Previous studies mainly focused on the expression of mPD-L1 in tumor tissues and established that high expression of mPD-L1 inside the tumor microenvironment was related with worse survival in cancer patients.^\[[@R10]--[@R15]\]^ Likewise, it is presumed that the soluble form of PD-L1 in peripheral blood is also able to bind to its PD-1 receptor on T cells, consequently dampening T cell related immune activity.^\[[@R16],[@R17]\]^ The theory was validated by several studies that explored the prognostic role of sPD-L1 in patients with solid tumors,^\[[@R18]--[@R25]\]^ from which we performed a meta-analysis using the studies that met our criteria to determine the prognostic significance of sPD-L1 in patients with solid tumors.

2. Materials and methods
========================

2.1. Search strategy
--------------------

A systematic search was performed from January 1970 to May 2017 through several major medicine-related electronic databases, including PubMed, EMBASE, Cochrane Library, CKM, Wang fang Database, and CNKI. In order to identify studies concerning the clinicopathologic and prognostic significance of soluble PD-L1 in patients with solid tumors, we conducted literature search by a comprehensive strategy combining text word and MeSH (Emtree for EMBASE database accordingly) with the terms "prognosis" or "prognostic" or "clinical" or "clinicopathological" and "soluble" or "serum" or "peripheral blood" or "sPD-L1" and "neoplasms" or "neoplasia" or "neoplasias" or "neoplasm" or "tumors" or "tumor" or "malignancy" or "malignancies" or "cancer" or "cancers" or "carcinoma" and "PD-1" or "PD-L1" or "programmed death 1" or "B7H1" or "B7-H1" or "CD274" or "B7 homolog 1" or "cluster of differentiation 274." The strategy was respectively adjusted in each database. Only human studies were included. In addition, we carried out a manual search according to the references of the eligible studies. We also attempted to contact the corresponding author for detailed information when necessary. The entire screening process was conducted according to the PRISMA 2009 statement.

2.2. Criteria for inclusion and exclusion
-----------------------------------------

Studies were deemed eligible when meeting the inclusion criteria as follows: the patients were pathologically diagnosed of a certain kind of solid tumors; soluble PD-L1 level was measured by enzyme-linked immunosorbent assay (ELISA); the study provided information on clinicopathological characteristics and extractable survival data such as hazard ratio (HR) or Kaplan--Meier curves. Among duplicate studies, the most recent study was included in the current meta-analysis. No restriction on specific tumor kinds, cut-off values, cancer stages, received therapies, or follow-up period was required.

The exclusion criteria were as follows: reviews, letters, case reports, and conference abstracts without original data; studies concerning hematological malignancies such as lymphoma and multiple myeloma; nonhuman experiments; laboratory studies; and studies without sufficient data.

2.3. Quality assessment and data extraction
-------------------------------------------

The Newcastle--Ottawa Quality Assessment Scale (NOS) was applied by 2 reviewers (WW and YW) to independently determine the quality of each included study in this meta-analysis. The third reviewer (BX) would join to reach consensus if disagreements occurred during assessment. Two investigators (WW and YW) independently extracted the following data from the included studies: surname of the first author, year of publication, country, study time, tumor kind, sample source, cut-off values, positivity and number of patients, follow-up period, and survival data (HR and 95% CI). A standardized information form was applied in which each study was given the code name of its first author + publication year. Disagreements during the data extraction process were resolved by consensus with the third reviewer (BX). All analyses were based on previously published studies; thus, no ethical approval was required.

2.4. Statistical analysis
-------------------------

This meta-analysis was performed by Cochrane Revman 5.3.0 (the Cochrane Collaboration, Copenhagen, Denmark). The HRs for overall survival (OS) with 95% CI were pooled. If the study did not offer direct HR and 95% CI, the survival data were extracted from the Kaplan--Meier curves and HR was estimated using the methods established by Tierney et al.^\[[@R26]\]^ Heterogeneity was assessed using the Cochrane *Q* and *I*^*2*^ statistics, which was defined by *the Cochrane Handbook Version 5.1.0* retrieved from <http://handbook.cochrane.org/>: 0% to 40%, negligible heterogeneity; 30% to 60%, moderate heterogeneity; 50% to 90%, substantial heterogeneity; 75% to 100%, considerable heterogeneity. A fixed effects model was applied unless significant heterogeneity occurred, in which case a random effects model was applied. A funnel plot was drawn to assess the potential publication bias.

3. Results
==========

3.1. Search results
-------------------

The initial search returned 770 studies with additional 4 studies identified by manual search. After 31 duplicated studies were removed by Endnote Software (Version X7; Thompson Reuters, CA), 743 studies were screened and 730 studies were excluded for irrelevant title or abstract. The remaining 13 potential studies were scanned through full-text and 5 studies were eliminated for incomplete data. Eventually, 8 studies with a total of 1040 patients were included in the current meta-analysis. The detailed selection process is shown in Figure [1](#F1){ref-type="fig"}.

![Flow diagram of study selection in the present meta-analysis.](medi-97-e9617-g001){#F1}

3.2. Study characteristics
--------------------------

The characteristics of the included studies are listed in Table [1](#T1){ref-type="table"}.^\[[@R18]--[@R21],[@R23],[@R24],[@R27]\]^ The publication time varied from 2014 to 2017. Studies were from Germany, Japan, Korea, and China with different kinds of solid tumors, including lung cancer, gastric cancer, biliary tract cancer, hepatocellular carcinoma, and renal cell carcinoma. The subject number of studies varied from 75 to 215, with a mean size of 130. Patient age ranged from 18 to 86 years. The samples tested for soluble PD-L1 were serum or plasma retrieved from peripheral blood of cancer patients. All the studies adopted an ELISA kit obtained from different manufactures as listed to measure the levels of soluble PD-L1. The cut-off values ranged from 0.0183 to 7.32 ng/mL and positivity rate varied from 29.8% to 56.0%. The follow-up period ranged from 1 month to 100 months. All the studies reached a NOS score above 5 and the mean score was 7.25.

###### 

Characteristics of studies included in the present meta-analysis.
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3.3. Prognostic significance of soluble PD-L1 in patients with solid tumors
---------------------------------------------------------------------------

As is depicted in Figure [2](#F2){ref-type="fig"}, a total of 1040 patients with solid tumors from 8 eligible studies were collected and the HRs for OS were analyzed. In each study, patients with a sPD-L1 level higher than the cut-off value were deemed sPD-L1-positive, and the rest sPD-L1-negative. The pooled HR was 2.26 (95% CI 1.83--2.80, *Z* = 7.51, *P* \< .001). The result indicated that solid tumor patients with high levels of soluble PD-L1 had significantly poor prognosis compared with patients with low levels of soluble PD-L1. A fixed effects model was applied because no significant heterogeneity was found among the studies (*I*^2^ = 0%).

![Forest plot of studies evaluating the hazard ratios of sPD-L1 for overall survival in solid tumor patients.](medi-97-e9617-g003){#F2}

3.4. Sensitivity analysis
-------------------------

The HRs and 95% CI of all the included studies are listed in Table [2](#T2){ref-type="table"}. Each study was successively removed to determine whether any one of the 8 studies had a significant impact on the pooled HR. The results of sensitivity analysis showed that the pooled HR was not significantly affected by any specific study.

###### 

HRs with 95% CI and quality assessment of studies included in the present meta-analysis.
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3.5. Publication bias
---------------------

A funnel plot was drawn to determine the potential publication bias. As is demonstrated in Figure [3](#F3){ref-type="fig"}, the plot was symmetric, suggesting that there was no significant publication bias.

![Funnel plot of the included studies.](medi-97-e9617-g005){#F3}

4. Discussion
=============

In the present meta-analysis, we searched through several major databases to identify studies exploring the relationship between sPD-L1 and prognosis in patients with solid tumors. Here, we selected 8 eligible studies involving 1040 patients to assess the prognostic value of sPD-L1. Patients from Japan, Germany, Korea, and China were diagnosed of different types of solid tumors, including nonsmall cell lung cancer, gastric cancer, hepatocellular carcinoma, biliary tract cancer, and renal cancer. We found a consistent negative effect of an elevated sPD-L1 on OS with a pooled HR of 2.26 (95% CI 1.83--2.80, *Z* = 7.51, *P* \< .001). No significant heterogeneity was discovered. We conducted a sensitivity analysis and were convinced that the result of this meta-analysis was not significantly affected by any specific study. A funnel plot was drawn and no apparent publication bias was found.

Immunotherapy has taken the battle between human versus cancer into a new era. Scientists successfully harnessed tumor-infiltrating T cells for adoptive cell therapy. Tumor vaccines were developed to boost active antitumor immunity. The discovery of immune checkpoint molecules mediating T cell functions opened the new chapter of checkpoint blockade therapy.^\[[@R28]\]^ Unlike hematological malignancies, solid tumors were not universally acknowledged to be systematic diseases, yet the attempt to undertake human cancer from the scope of immunology should never be restricted to a single cell or organ. Although many studies explored the expression of PD-L1 inside the tumor microenvironment, it is reasonable to postulate that the soluble form of PD-L1 outside the tumor microenvironment is of no less importance, not to mention the fact that a blood test is far less invasive than a tissue biopsy.

PD-L1 is found on the surface of various antigen-presenting cells. Human tumor cells express PD-L1 as a mechanism to suppress host antitumor immunity.^\[[@R29]\]^ It is believed that sPD-L1 can be released or shed from PD-L1-positive tumor cells or immune cells,^\[[@R20],[@R25]\]^ but the accurate source of soluble form of PD-L1 remains unclear. However, it has been proved that sPD-L1 still retains its biological activity and is able to specifically bind to PD-1 receptor in peripheral blood, thus activating the PD-1/PD-L1 pathway and theoretically establishing a systematic immunosuppressive effect.^\[[@R16]\]^

The result of this meta-analysis illustrated that cancer patients with high levels of sPD-L1 had a shorter OS than those with low levels of sPD-L1, indicating that high sPD-L1 level may serve as a prognostic biomarker to identify patients with worse prognosis. Our conclusion could be rationalized from the following 2 perspectives. First, sPD-L1 can be released from PD-L1 positive tumor cells,^\[[@R20],[@R25]\]^ which means that there could exist a certain correlation between sPD-L1 levels and PD-L1 tissue expression. Provided that previous studies already agreed high expression of PD-L1 on tumor cells was related with a worse prognosis,^\[[@R10]--[@R15]\]^ it is only logical to assume that sPD-L1 may also serve as a prognostic biomarker for worse survival. It was found that sPD-L1 level is elevated in cancer patients compared with healthy people,^\[[@R30]\]^ and higher sPD-L1 levels in cancer patients are usually found in more severe cases with earlier disease progression and later clinical stage.^\[[@R31],[@R32]\]^ Second, it has been proved that the soluble form of PD-L1 still retains its biological activity, which means that sPD-L1, when binding to its receptor, can still activate the PD-1/PD-L1 pathway and function as an immune-suppressive regulator. On the basis of such assumptions, we can further speculate that sPD-L1 in peripheral blood might be able to specifically bind to PD-1 on the tumoricidal cell toxic lymphocytes (CTLs) before they reach the tumor site, thereby suppressing T cell activity and hampering antitumor response on a systemic scale.^\[[@R33]\]^

While searching through the databases for eligible studies, we noticed that several studies focusing on hematological malignancies achieved similar conclusions. It was reported that elevated sPD-L1 was associated with a poorer prognosis in patients with aggressive diffuse large B-cell lymphoma and the result was validated through a replication study with a large cohort.^\[[@R34],[@R35]\]^ Similar results were gained in several other studies concerning natural killer/T-cell lymphoma and multiple myeloma.^\[[@R36]--[@R39]\]^

There are several limitations in this meta-analysis. We intended to explore the prognostic value of sPD-L1 in all patients with solid tumors, but only 8 studies with a total of 1040 patients met our criteria. The studies focused on nonsmall cell lung cancer, gastric cancer, hepatocellular carcinoma, biliary tract cancer, and renal cancer, and our conclusion is yet to be validated in patients with other tumors. The sample size is rather small and sampling error may render our conclusion less reliable. More relative studies involving different solid tumor types are required to further strengthen our conclusion. In addition, although we did not set a criterion for a specific patient nationality or area, patients included in this meta-analysis were mainly from Asian areas, which may influence the results with population bias. More studies with a larger sample size from around the globe are needed to resolve such problems. Another obvious problem is the largely varied cut-off values of sPD-L1 in each individual study listed in Table [3](#T3){ref-type="table"}. We believe that this can be explained by the following reasons: Different types of cancer have different sPD-L1 basic levels, as we included patients with different tumor types. In a recent meta-analysis focusing on the protein expression of PD-L1 in malignant solid tumors, similar differences were also observed, as positive rates evaluated by immunohischemistry also varied among different tumor kinds.^\[[@R40]\]^ Moreover, some studies measured sPD-L1 levels before treatment, while others following certain kinds of treatment such as chemotherapy or radiotherapy. It remains to be elucidated how those treatments might affect the levels of sPD-L1. The studies used different sample sources such as serum or plasma to measure sPD-L1, and different antibodies manufactured by different companies were used during ELISA. We believe that these differences are potentially responsible for the varied results even among the same tumor types as listed in Table [3](#T3){ref-type="table"}. Taking account of these listed limitations, we think the final conclusion that high sPD-L1 predicts worse survival remains reliable, yet needs to be solidified with more data.

###### 

Various levels and cut-off values of soluble PD-L1 in studies included in the present meta-analysis.
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We believe that our findings, once further supported by more prospective, multicenter, randomized controlled trials with larger sample sizes, may be granted a promising future of widespread clinical application aiming to predict patient prognosis, as peripheral blood is conveniently accessible and much less invasive than a tissue biopsy under clinical circumstance.

In conclusion, the current meta-analysis presented a significant relationship between high sPD-L1 level and a worse OS in patients with solid tumors, indicating that high sPD-L1 may serve as a predictive biomarker for poor prognosis.

Abbreviations: CI = confidence interval, ELISA = enzyme-linked immunosorbent assay, HCC = hepatocellular carcinoma, HR = hazard ratio, IV = inverse variance, mPD-L1 = membrane-bound programmed death ligand-1, NM = not mentioned, NOS = Newcastle--Ottawa Quality Assessment Scale, NSCLC = nonsmall cell lung cancer, PD-1 = programmed death 1, PD-L1 = programmed death ligand-1, SE = standard error, sPD-L1 = soluble programmed death ligand-1, VEGF = vascular endothelial growth factor.

This research project was supported by grants from the National Natural Science Foundation of China (grant number 31700792).

The authors disclose no conflicts of interest.
